Chicken eggs incubated under hatchery conditions for 19 days show significant decreases in the total content of water and organic nitrogen, but not of sodium or potassium. The hypothesis is discussed that the formation of gaseous nitrogen is responsible for the nitrogen loss.
Metabolic production of elemental nitrogen by germfree mice and by man has been suggested by data obtained in our laboratory. We used a closed svstem that could be flushed practically free from preexisting N2 and in which atmospheric contamination was excluded with confidence (1-3). Attempts to further document the pathway using [15N]amino acids were unsuccessful mostly because of the technical difficulties involved.
This problem, which has obvious implications vis-a-vis nutritional concepts on one side, and gas exchange theory and measurement on the other, has received recent attention from respiratory physiologists, who have reinvestigated the Lavoisier-Haldane postulate of equality between inspiratory and expiratory N2 (4) (5) (6) (7) (8) (9) (10) . The most careful of these experiments (9) have found an excess of expiratory N2 of the order of 0.59-4.4 ml/min; this is a quantity nearly identical to the one reported by us with a totally different technique (3) . Such amounts of N2 are sufficiently small to be negligible in the usual respiratory calculations, although not negligible from a metabolic standpoint. The volumes involved approach the limit of the sensitivity of the respiratory balance method; therefore, the authors could not decide whether the excess expiratory N2 represented metabolic production or persistent nitrogen washout.
Clearly, definitive answers, obtained through a multitude of approaches, to this important problem are needed.
The avian egg represents an actively metabolizing and differentiating system permeable to gases or vapors (11, 12) . It thus provides a technically simple model and a new approach. We have measured total "Kjeldahl" § nitrogen in groups of fertilized chicken eggs before incubation and 2 days before hatching, and have demonstrated significant nitrogen loss, associated with growth and maturation of the embryo. § The meaning of the term "Kjeldahl" nitrogen is well known and indicates the nitrogen measurable with the Kjeldahl method, i.e., that in protein, amino acids, urea, ammonia, nucleic acids, uric acid, and the like. Inorganic nitrogen such as nitrates, N2, and nitrogen oxides are not measured by the Kjeldahl method (13) .
The hypothesis that the loss of "organic" nitrogen is due to formation of N2, which then diffuses out of the egg, is discussed.
METHOD AND MATERIALS
Fertilized eggs from chickens (Gallus domesticus) were selected at the hatchery from those laid within the previous 24 hr.
The eggs were then randomlyF allocated to two groups of at least 60 each, numbered, and weighed. The control group was frozen and analyzed at once. The other group was incubated for 19 The homogenate, which contained the totality of the egg, was brought to a volume of 1000 ml. Duplicate 2-ml aliquots were analyzed for total organic nitrogen by the Kjeldahl method (1). In Exp. IV (vide infra) duplicate 4-ml aliquots were digested with hydrogen peroxide and then analyzed for Na+ and K+ as described (14) , using an Ii flame photometer model 143. Total water was determined in Exp. V after a measured aliquot of the homogenate was dried to a constant weight at 110°. Excellent agreement (within <5%) of the duplicate samples was the rule. Duplicate samples differing by >10% were discarded, and the analysis repeated with frozen aliquots of the original homogenate.
RESULTS
We have performed five experiments according to the protocol outlined above. The first was completed in Buffalo, N.Y., at I Random distribution is taken here to describe a process through which an egg picked from a large batch is assigned arbitrarily to either one or the other of the two experimental groups before it is weighed. 451 Table 3 ) or in comparison with the incubated, nonembryonated controls (column D versus column C: see Table 3 ). The incubated, nonembryonated eggs lost no nitrogen although their weight loss was similar to that of the controls (see Table 3 , column C versus column A). No nitrogen loss occurred in Exp. III, although weight loss occurred as expected. We can presently offer only speculative explanations for this anomaly.
In order to document that weight loss need not involve proportional loss of all the constituents of the fertilized incubated egg, we measured in Exp. IV, total (inclusive of shell) sodium and potassium. These two elements were chosen because, although they participate actively in the metabolic processes occurring during maturation of the embryo, they cannot be converted in the egg to a gaseous form capable of diffusing through the shell. Table 4 shows that, contrary to overall weight and total organic nitrogen, total Na and total K are remarkably constant at the points in time studied.
DISCUSSION
We have shown that, during incubation, fertilized eggs lose weight. This is a well-known phenomenon (11, 12) compatible with diffusion of water vapor and of metabolic C02 through the intact shell. The amount of weight loss sustained by our eggs is compatible with the data available in the literature (12) . To show that the weight loss is indeed due to H20 loss, we have measured in Exp. V total egg water before and after We have also shown that, during incubation, fertilized eggs lose organic nitrogen. The presence of a developing embryo appears a necessary requirement for the nitrogen loss, since there is none in incubated, nonembryonated eggs. Our results are consistent with published findings (16-25) although our conclusions differ from older statements. We think that sample sizes and technical difficulties might explain other laboratories' inability to recognize nitrogen loss. In fact, all three major papers dealing with chicken eggs (17, 24, 25) report losses ranging from 7.5 to 10.6% of the total "protein" initially present in the egg, i.e., 75-100 mg of N per egg, a quantity practically indistinguishable from the one we have reported. The amounts of nonprotein nitrogen produced by the egg during the whole incubation varied between 11.1 mg per egg reported by Needham and 23.8 mg per egg reported by Szneroffna (23) . The nonprotein nitrogen thus could account for only a small fraction of the protein loss. Moreover, it is well known that conversion of "protein" nitrogen into so called "nonprotein nitrogen" cannot explain a loss of Kjeldahl" nitrogen, which is the sum of both. Loss of protein nitrogen can be explained with either the production of an unknown nitrogen-containing metabolite, which remains within the egg but is no longer measureable with the Kjeldahl method, or with actual loss of nitrogen from the egg.
It is not likely that the observed nitrogen loss could be due to formation of organic compounds not measured with our version of the Kjeldahl method, as discussed elsewhere (1) .
We, therefore, consider it reasonable to assume that the nitrogen loss described in the present paper is due to the formation of gaseous, nitrogen-containing metabolites, which diffuse out through the intact shell and are thus lost to the Kjeldahl method. The loss of a liquid or of a solid nitrogencontaining fraction is prevented by the intact shell.
The identity of the gas is at present unknown. Three major sets of metabolites come to mind: ammonia, nitrogen oxides, and elemental nitrogen (N2).
It is known that ammonia is an end product of the egg metabolism, at least during the first part of embryo's growth (12) . We nevertheless suspect that loss of ammonia is not responsible for the loss of egg nitrogen occurring during incubation for the following reasons:
(a) The total amount of ammonia nitrogen produced by the egg has been measured by Needham (18) and found to amount to a cumulative 0.049 mg per egg over the whole incubation period. In our experiments, we must account for an average 100 mg of N per egg.
(b) Ammonia produced metabolically would probably remain dissolved in the aqueous phase of the egg because of the extreme solubility of ammonia in water. Therefore no net loss of organic nitrogen would be measured by the Kjeldahl technique. This thought is consistent with the experimental data showing elimination of trivial amounts of ammonia nitrogen from the lungs of patients in hepatic coma (26) .
(c) The total amount of excretory nitrogen (ammonia + urea + uric acid) produced during the whole development of the embryo has been found to amount to a cumulative 11.1 mg per egg (12) . Uric acid nitrogen accounts for by far the largest fraction. Thus known protein catabolic routes can at best account for 10% of the loss that we have described. Similarly, we prefer to believe it is improbable that NO or NO2 are involved, because of their toxicity.
We are fully cognizant that the present paper contains no formal proof that the gaseous metabolite is indeed N2, a suggestion that has been made by others (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) . A formal proof will involve incubation of eggs in closed systems. The construction of a system where eggs can be successfully incubated under helium-oxygen, in conditions of constant temperature and humidity, and where atmospheric contamination can be ruled out with confidence, is a time-consuming one. We therefore thought it desirable and useful to publish our results now, in the hope of stimulating other laboratories to study this fundamental problem.
